Background Surgical navigation in TKA facilitates better alignment; however, it is unclear whether improved alignment alters clinical evolution and midterm and longterm complication rates.
Introduction
Two studies [5, 14] confirm that prosthetic component alignment in TKAs following a neutral mechanical axis (1808 ± 38) is crucial to achieve the best long-term survival. Despite the use of new tools and equipment, 10% of tibial cuts have a deviation greater than 4° [11] compared with the preplanned goal. Deviations in final prosthesis alignment are common, even when the TKAs are performed by experienced surgeons, and two articles suggest only 75% of patients achieve a neutral (180°± 3°) femorotibial alignment [16, 18] . Computer-assisted surgery (CAS) is a potentially cost-effective addition to TKA [19] . Although it has been reported that CAS successfully reduces the number of alignment outliers, navigation requires more surgery time [13, 15] , is more expensive, has a learning curve, and there is the possibility of complications and adverse effects owing to tracker fixing [8] . In a prospective study of 40 patients having TKAs, 20 were randomized to a standard, manual, jig-based technique and the other 20 were treated with CAS [9] . We found an ideal FTA (180°± 3°) was achieved for all patients in the CAS group, but this angle was achieved in only nine patients in the standard technique group.
Advocates of CAS suggest improved placement of the implants will lead to better midterm and long-term functional and survival [23] , although the literature lacks studies that confirm whether the improved radiographic alignment achieved by navigation improves patient function or the durability of TKA. Furthermore, available comparative studies of the two techniques have short followup periods (5 years at the most) and use different assessment scales. The clinical benefits thus are unclear and require definition on a larger scale.
The aims of our study were to compare (1) alignment between two groups of patients without preoperative deformities undergoing TKAs with and without surgical navigation; (2) the KSS (knee and functional scores) and implant survival; and (3) complications in the two groups.
Patients and Materials
In a randomized prospective study, we performed 100 TKAs in 97 patients (three patients had bilateral TKAs) between August 2001 and October 2002. Seventy-one TKAs were performed on 69 women and 29 were performed on 28 men. The patients had an average weight of 81 kg (range, 57-107 kg). The indications for surgery for all patients were osteoarthritis with no varus or valgus deformities greater than 108 and a body mass index (BMI) less than 30 kg/m 2 . In 49 patients (50 TKAs), we used the standard technique with manual alignment; in the other 48 (50 TKAs), we used a wireless image-free navigation system (Stryker Image Free Computer Navigation System, versions 1.2 and 1.3; Stryker-Leibinger, Freiburg, Germany). Patients were chosen from the surgery waiting lists and were randomly assigned (closed envelope) to one of two groups immediately preoperatively. The first 40 of these TKAs have been reported [9] . The minimum followup was 8 years (mean, 8.3 years; range, 8-9.1 years) in 73 patients with 75 TKAs. Twelve patients (12 TKAs) were excluded from the navigation group: 10 did not return for scheduled followups for unknown reasons, one patient had a periprosthetic femoral fracture at 5 years postoperative, and the other had a metastatic tibial fracture. The fractures were not related to tracker placement in these patients. In the standard technique group, 12 patients (13 TKAs) were excluded: 11 who did not return for followups for unknown reasons and one with an infection requiring twostep revision surgery. At 8 years, 73 patients (75 TKAs) were available for analysis: 36 patients (38 TKAs) from the navigated TKA group and 37 patients (37 TKAs) from the standard group. The mean BMI of these patients was 27.4 kg/m 2 (range, 23.2-29.7 kg/m 2 ), their average age was 69.6 years (range, 47-85 years; SD, 7.771), and the mean preoperative KSS, including the knee score and functional score [10] was 72 (range, 48-112). No patients were recalled specifically for this study; all data were obtained from medical records and radiographs. Our institution's ethics committee approved this study, and all patients signed an informed consent form for participation in the study.
There were no differences between the navigation or standard technique groups regarding age, gender, weight, leg mechanical axis, and KSS ( Table 1) . We found no differences between groups regarding preoperative radiographic alignment. The mean preoperative FA was 89.998 (range, 798-968; SD, 3.8448); the mean preoperative TA was 89.978 (range, 808-968; SD, 3.5298); and the mean FTA was 181.118 (range, 1708-1898; SD, 5.2038). We found differences between mean operating times: 80 minutes (range, 60-91 minutes; SD, 5.16) for the standard technique group and 96 minutes (range, 85-105 minutes; SD, 3.33) for the navigation group (p \ 0.001).
To achieve a power of 80% to detect differences using a bilateral Student's t-test for two independent samples (taking into account that the significance level is 5% and 0.508** assuming that the difference of KSS means between the two groups is 10 and the SD is 17.5), 50 experimental units were required for the control group and another 50 for the experimental group, for a total of 100 units in the study. The same two surgeons (DHV, ASV) performed all operations. The implants (Interax; Stryker/Howmedica, Limerick, Ireland) and navigation system were the same for every patient. In all patients, surgeons cemented the arthroplasties and implanted prosthetic patellar implants. The surgical technique (excluding the use of navigation) and postoperative guidelines were similar. Surgeons assigned patients to either group randomly, not knowing which technique had been assigned to which patient until the time the operation started. For the group of patients undergoing the standard procedure, surgeons used intramedullary femoral and extramedullary tibial alignment guiding rods. In this group, the surgeons systematically performed attachment of the femoral component with 38 external rotation with respect to the posterior condyle line, and all femoral, tibial, and patellar cuts were made following the technical recommendations provided by the implant designers.
Postoperative guidelines were the same for both groups. Patients started knee mobilization the first day after surgery, and mobility using a cane at 2 days; suction drains were left in place for 48 hours. A standard radiograph of the knee (frontal and lateral planes) was taken the same day surgery was performed. Patients were discharged after 6 days with a previously assigned protocol and received physiotherapy at home.
During the first followup 1 month after surgery, a clinical examination was performed, knee movement was assessed, and walking without assistive devices was allowed. Patients were clinically examined again after 12 months and then annually. A standard radiograph of the knee was performed each year and at 3, 5, and 8 years. During each visit, a KSS questionnaire was filled out. This scoring system [10] combines a relatively objective knee score that is based on the clinical parameters and a functional score based on how the patient perceives that the knee functions with specific activities. The maximum knee score is 100 points and the maximum functional score is 100 points.
We obtained frontal plane CT scans of the entire limb, including the femoral head and the ankle, and long-leg films in the sagittal plane for all patients preoperatively, at 1 month after surgery, and at 8 years to verify the FA, TA, and FTA mechanical axes. The position of the implant in the sagittal plane was checked with a lateral radiograph (with the knee flexed) and the FA and TA mechanical axes were measured. In our radiographic study, we analyzed three axes: the FA (perpendicular between the articular distal femoral condyles [preoperatively] or femoral component [postoperatively] and the mechanical axis of the femur); the TA (perpendicular between the articular proximal tibia [preoperatively] or tibial platform [postoperatively] and the tibial axis); and the FTA (formed by the mechanical axes of the femur and tibia). The FA and TA revealed the quality of component frontal positioning, which, theoretically, should have formed a 908 angle with the mechanical axis of the bone segment. The FTA was the final index for placement of the implant and should have been as close to 1808 as possible. Two of the authors (DHV, SIF) measured angulation in the coronal and sagittal planes. Each observer conducted three measurements of each angle preoperatively and postoperatively. These measurements then were averaged to obtain the final angulation. To facilitate gathering the data and statistical analysis, we considered varus angulation as negative and valgus angulation as positive (in this way, the angulation data were included in the information provided by the navigation system).
Complications were divided into minor and major, the latter being defined as those requiring revision surgery owing to infections or aseptic component loosening. The date of each such occurrence was recorded.
We computed descriptive statistics for all variables. To compare the mean angulation between the studied groups, we used a Student's t-test (data were normally distributed, homogeneity of variances between groups was checked by Levene's test). To compare the percentage of patients with neutral mechanical axis (1808 ± 38) between the two groups, a chi square test was used. We determined survival with revision surgery as the endpoint using the Kaplan-Meier method; we compared survival between groups with the log-rank test. Data were stored in a Microsoft Access database (Microsoft Corporation, Redmond, WA, USA) and analyzed using SPSS software (SPSS Inc, Chicago, IL, USA)
Results
The patients in the navigated group had more ideally positioned implants (p \ 0.001) than those in the standard group based on the mean coronal FA and TA ( Table 2 ). The average immediate postoperative coronal FA of the overall series was 90.698 (SD, 1.9838), average coronal TA was 90.968 (SD, 2.4498), and average coronal FTA was 180.368 (SD, 2.9808). Mean coronal FTA differences were similar, although data scattering in the standard technique group was remarkable. The mean sagittal FA was similar in the two groups: 28 (range, 1.568-2.548), and the mean sagittal TA was similar: 3.58 (range, 2.818-4.628). All patients in the navigation group had an ideal coronal FTA (1808 ± 38) compared with 23 patients in the standard group (Fig. 1) . No changes of alignment were observed during followup. At the 8-year followup, the mean coronal FA of the patients was 90.608 (SD, 1.9808), mean coronal TA was 90.838 (SD, 2.622), and mean coronal FTA was 180.138 (SD, 3.1388). At 8 years, we found no differences in the measurements for the coronal or sagittal FAs between both groups (p = 0.001), although there were differences between the coronal TA (p = 0.072) and the coronal FTA (p = 0.888).
We observed no differences in clinical and functional evaluation or in survival rates at 8 years. No differences (p = 0.290) were found in the KSS (knee and functional scores) between the navigation and standard groups. The mean KSS for all 73 patients (75 TKAs) at 8 years was 168 (range, 92-186). The mean was 169 points for the navigation group and 173 points for the standard group. Survival rates at 8 years were similar (p = 0.068) for the two groups: 94.74% for the navigation group and 81.08% for the standard group.
Major complications (those requiring revision surgery) were similar between groups ( Table 3 ). In three patients in the navigation group we performed a manipulation under anesthesia 4 weeks after surgery because 90°flexion had not been attained. Another three patients in this group had mild discomfort at the tracker cut, especially in the tibia. A patient from the standard group had a deep infection 2 1 . 2 years after surgery that required two-stage revision surgery. Discussion CAS allows for a higher degree of accuracy in knee arthroplasty alignment, even in knees with previous deformities [10] . Nevertheless, there literature contains no documentation on whether the radiographic improvement leads to an improvement of clinical and functional scores or implant survival in the midterm and long-term. Studies comparing TKAs performed with the standard technique and navigated TKAs have short followups (5 years at the most), and use different assessment scales (Table 4 ) [4, 12, 20, 21] . We made three assessments: (1) we studied the final implant alignment of both techniques by analyzing the FA, TA, and FTA by CT and standard radiographs; (2) we made an assessment based on clinical and functional scales and the survival rates; and (3) we compared the presence of complications during a minimum 8-year followup.
Our study has some limitations. First, we lost some patients before the minimum 8-year followup, although the percentage is similar to those in other studies with comparable followups. To determine whether these lost patients could influence our findings and mean angulations of the remaining series, we assessed the leg axis of the remaining patients at 8 years and found similar values to those observed during the immediate postoperative study of the overall series. Second, we used an implant commonly used in Central and Southern Europe, but which is no longer commercially available. Nevertheless, as the same devices were used in both groups, this fact does not modify the comparative data found. Third, the radiographic and CT measurements were performed by two observers. Surgeons were blinded to radiographic alignment and measurements were made at three different times and the averages used; we did not compute intraobserver or interobserver variability.
Several meta-analyses review comparative studies of radiographic alignment between computer-assisted and standard TKAs. Mason et al. [17] examined 29 studies of CAS versus standard TKA. Mechanical axis malalignment greater than 3°occurred in 9.0% of CAS, compared with 31.8% of standard TKAs. Brin et al. [3] reported surgery performed with CAS reduced the rate of outliers in limb mechanical axis by approximately 80%. Bathis et al. [1] reviewed 13 studies: in the group of patients who underwent the standard technique, surgeons implanted 75% of prostheses in the safe zone (180°± 3°), whereas in the CAS group, they implanted almost 94% of the prostheses in the safe zone. Patients who had navigated surgery had a lower risk of malalignment at critical thresholds greater than 3°, according to another meta-analysis of the findings of 11 randomized trials [2] . Novicoff et al. [19] examined 22 randomized controlled studies comparing manual and CAS techniques in TKA and showed a clear advantage of CAS over manual surgery in terms of alignment. However, they concluded there is a need for studies that examine function at more than 1 year postoperatively using standardized assessment tools, especially because malalignment is an intermediate outcome measure not causally linked in all patients with eventual implant failure. Weng et al. [23] prospectively compared CAS with standard TKAs by using a bilateral knee study model. They reported that computer navigation was associated with a much higher rate of knees in a 38-range of the neutral mechanical axis. Choong et al. [4] also performed a randomized prospective study comparing CAS with standard surgery. CAS TKAs again were associated with a higher number of knees within a 3°-range of the neutral mechanical alignment. Thus, even though many of these CAS versus standard technique comparative studies show statistical heterogeneity, navigation contributes to a higher degree of accuracy in implant alignment. We found acceptable alignment was achieved in 46% of the patients treated with the standard technique. This figure is lower than the 50% reported by Weng et al. [23] and 61% reported by Choong et al. [4] . According to these data, the standard technique does not yield consistent alignment since it varies depending on each study. An ideal alignment was possible in all patients in whom we used CAS. Postoperative FA and TA means were better in the navigation group, although we found no differences in FTA, possibly because of the sample size. Nevertheless, it is apparent that FTA distribution was markedly different between both groups (Fig. 1) . Some studies report advantages regarding function and implant survival after TKAs with a neutral mechanical axis. Longstaff et al. [14] reported that function after TKA is better in patients with neutral mechanical alignment. It seems that a functional advantage over outliers actually exists when implants are placed within 38 of a neutral mechanical axis [4] . Few studies compare the clinical and functional evolution of TKAs with and without navigation, even in the short term [12, 20, 21] , and no differences have been found. However, Choong et al. [4] observed that patients with coronal alignment within 38 of neutral alignment had higher KSS and Short-Form 12 physical scores after surgery in a randomized prospective controlled trial which compared alignment, function, and patient quality of life outcomes between patients undergoing standard and CAS TKAs. They concluded that navigated knee arthroplasties achieved greater accuracy in implant alignment, and that the difference correlated with better knee function and improved quality of life. We found similar KSS scores (knee and functional scores) in both groups at 8 years. The absence of severe alignment errors in the standard technique group may explain these findings.
In a study of more than 6000 TKAs, Fang et al. [6] reported that for overall mechanical alignment, outliers had a higher failure rate. Knees that are implanted at 38 to 78 of the coronal anatomic alignment have the lowest failure rates, whereas knees outside this range have a greater than three times higher risk of failure [6] . We also found differences in complication incidence, although, whereas in the CAS group two patients had tibial metal plateau subsidence, in the standard technique group two patients had asymmetric polyethylene wear and five had tibial and femoral component loosening. In a recent comparative study [7] , revisions attributable to malalignment and instability also were more frequent in the standard group, but this was not statistically significant. Survival at 8 years was similar in both groups. Patients in our series who experienced component loosening or wear of the polyethylene plateau had FTA with varus angulation, although never greater than 48. However, this suggests varus malalignment constitutes a threat for the arthroplasty with time. The high aseptic complication rates in our series might be related to the prosthetic model we used, which has been discontinued in favor of newer models. We cannot compare our findings with this implant owing to the limited literature available regarding this prosthesis. Premature failure of the polyethylene insert has been documented for this model; in some series, the failure rate was greater than 24% during the first 3 years postoperatively [22] . We found no differences between the groups regarding other types of complications, although three patients in the navigation group had knee stiffness. It is possible that this complication is related to the percutaneous placement of a femoral tracker and the muscular wear it entails.
The benefit of computer-assisted devices probably is the reduction in the outliers defined by postoperative malalignment greater than 38 in the tibial or femoral components, or the mechanical leg axis [5] ; it also allows for a more homogeneous technique, which, at the same time, can be customized for each patient. We found no differences in functional and clinical scores or complication rates between the two groups. Although CAS allows for radiographic enhancement of arthroplasty component placement, it was not associated with functional improvement or complication rate reduction in patients with a minimum 8-year followup. Thus, CAS does not provide better functional or clinical findings in TKAs in knees without deformities in the midterm.
